topic of all since it deals with a violation of spacetime symmetry. We heard reports of a number of ingenious and difficult experiments which are bringing us ever closer to a definitive evaluation of the decay parameters of the K-meson system. However the experimental situation seems not to have changed notably from one year ago in the sense that all evidence is suggestive of the superweak explanation but not completely convincingly so. Obviously, more work must be done to give a definitive answer to this question.
The one thing that has changed, it seems to me, is that theorists are no longer willing to get up and propose particular explanations of CP violation. All explanations appear artificial in the sense that they give no good reason for the smallness of the effect. The one explanation which seems in accord with all the experiments, the superweak theory, is unappealing (though possibly correct) since it implies that CP violation in K-decays is an isolated phenomenon having no connections with other parts of the presently accessible elementary particle world.
B. Cabibbo theory. -Here the situation is much happier. Cabibbo theory is a general picture of semileptonic interactions which gives a very pretty interpretation of universality between A S = 0 and A S = 1 processes. In order to test it one needs to compare different matrix elements of SU, multiplets of operators with the help of SU, symmetry. Although we know this symmetry is not exact, we expect its predictions to be good to + 15 % or so when we restrict ourselves to the baryon octet, which, fortunately, is the relevant domain for studying hyperon beta decay. At the beginning of the conference we heard that experiments on hyperon beta decay are now good enough to test the predictions of Cabibbo theory to this level of accuracy and that no problems arise. This is certainly a step forward since there have been times in the past when the experiments appeared to require complications in the original Cabibbo scheme, such as a separate angle for the vector and axial-vector currents.
Since the conference I have learned that a direct measurement of gA/gv for the decay A -, p + e-+ 5
gives an answer which differs considerably from the value predicted by Cabibbo theory. C . G. CALLAN some theoretical schemes which require unconventional lepton structures for the weak interactions. In part the motivation for these modifications came from a desire to moderate the severe divergences of higher-order weak interactions. Whether or not a satisfactory solution of the divergence problem has been obtained is not clear, but the point that purely leptonic weak reactions are a very effective way of answering important questions about neutrino identity and lepton conservation was clearly made. Such experiments are, of course, exceedingly difficult and will not be done in the near future, but the questions raised should be kept in mind.
respects the hydrogen atom of weak interaction physics : it is a low-mass low-spin system which nevertheless undergoes a tremendous variety of decays, thereby providing a convenient testing ground for weak interaction theories. As a consequence, all the decay modes of the K have been intensively studied experimentally. Most attention, however, has been given to those decays involving the emission of at least one pion (K + nlv, 2 nlv, 3 n), and we heard a number of experimental papers on precisely these decays.
The special status of weak processes of the form K + nX arises from the special role played by the pion in our picture of strong interactions : the anomalously small value of the pion's mass (compared to the mass of other hadrons) is taken to be evidence that the strong interaction world is nearly invariant under the chiral symmetry SU, x SU,. This symmetry has the consequence that one can derive rr exact >) low-energy theorems for the emission of pions, the most celebrated example of which is the Adler-Weisberger relation. Similar low-energy theorems turn out to hold for weak processes as well ; in fact, the low-energy theorems for K + nlv, 2 n1v appear to be on exactly the same theoretical footing as the Adler-Weisberger relation and provide a very important test of our basic ideas about strong interactions.
The decay K -, nlv(K,,) is in principle easy to deal with : it has a substantial branching ratio and the entire process is determined by two form factors depending on one variable only (usually called fi(t)). Furthermore the variation across the Dalitz plot o f t is so small that it seems quite safe to make a linear expansion :
The crucial parameters appear to be A+ and 5 = f -(O)/f+(O). An old experimental problem which does not seem to have been resolved by the new experiments we heard about is that 5 appears to have different values depending on how you measure it : polarization measurements give a considerably more negative value for 5 than Dalitz plot measurements. A new, and more disturbing, problem is that recent high-statistics experiments give wildly different values for A+, ranging from .02 to .09. For the moment, therefore, the experimental situation appears more confused than before and we are still unable to make a reliable test of the low-energy theorems. Clearly a major challenge for experimenters is to obtain a definitive measurement of f,(t) ! There was some discussion of possible reasons for these experimental difficulties. One very disturbing possibility is that if A+ really is as large as .09, as suggested by one experiment, then f+(t) varies by 50 % across the Dalitz plot and a linear parametrization of the form factor could be inadequate. Another possibility is that our simple V-A current-current picture of the semileptonic interaction is in error and some admixture of scalar or tensor interaction is needed. Both of these suggestions could explain some of the experimental discrepancies, but it seems premature to take them seriously.
The important K-meson decay, K -+ 2 zlv, was also discussed. New experimental data, which give improved determinations of the form factors were presented, but the statistical accuracy is not yet great enough to make very precise tests of the interestinglow-energy theorems.
In summary, one has to say that the situation with respect to K-meson decays and tests of the low-energy theorems is worse than before. How and when the ' situation will resolve itself is not clear.
E. Deep inelastic processes. -Here we enter a new
domain in weak interaction theory. In weak decays the energy release is typically quite small so that for all practical purposes it is the zero-momentum transfer component of the weak current, or charge, which determines everything. Since the charge operators have algebraic properties determined by the symmetry built into the theory, it is a relatively simple task to make predictions. In the deep inelastic domain, however, the current necessarily carries a large momentum transfer and one expects all simple connection with symmetry properties to be lost. In short, a detailed understanding of dynamics appears to be necessary to say anything about deep inelastic processes.
The great surprise of the last two years is that, at least, in electron-induced deep inelastic processes, something simple happens. The structure functions, which are in principle dependent on both the cr mass )), q2, and rr energy D, v, carried by the current, actually turn out to depend only on the ratio of these two variables. This cr scaling )) behavior has the practical consequence that total inelastic cross-sections remain more or less constant for large q2 instead of falling off rapidly as do the cross sections for producing specific hadronic final states. The fundamental significance of this is not clear, but in some sense it is as if by looking at high momentum transfer one is seeing point constituents of the nucleon.
Taking the fact of scaling in electroproduction as given we can ask what we expect to happen in neutrinoinduced deep inelastic scattering. Since the weak and electromagnetic currents are just different members of a symmetry multiplet of hadron currents we expect that once the specifically leptonic factors have been removed, both weak and electro-production cross-sections should scale in roughly the same way. This already has the interesting consequence that the total neutrino nucleon cross-section should rise linearly with energy at high energies (which is the way it behaves at low energies, where only the elastic channel is open and form factors are effectively constant). To go further than this simple qualitative prediction, one needs a dynamical model of some sort.
One dynamical model which was explained to us at length is the parton model. The basic assumption here is that at large momentum transfers a current sees loosely-bound bare constituents of the target particle. In this respect the model is a relativized version of the impulse approximation. What is surprising is the assertion that at large momentum transfers one can << see )> bare constituents. Our experience with quantum field theory is that because of divergences, the bare constituents don't exist in any meaningful sense (i. e. they have infinite mass and charge). However, if we make this unconventional assumption, we get a scheme which incorporates scaling very nicely. Furthermore, simple symmetry arguments come into play just as they do for low-energy currents. If, at large momentum transfer, the scattering is an incoherent sum of scatterings off free bare constituents, then the basic symmetry properties of these constituents (are they triplet quarks, an octet, etc ... ?) will play a role. In fact, these symmetry properties are reflected in sum rules, which, after scaling itself, are the basic content of the parton model.
This then poses a well-defined problem for the experimenters : do inelastic neutrino scattering at sufficiently high energy and with sufficiently high statistics to separate out all the structure functions ; then check that scaling occurs and test the various parton model constraints on the scaling limit of these structure functions. From the experimental talks that we heard it is clear that progress will be made toward this goal in the future with Gargarnelle, but that definitive answers may have to await the coming of the NAL neutrino beam.
If the parton model predictions work out properly, we will be very pleased of course, but it will still be a mystery why dynamics becomes simple at high momentum transfer. The parton model does not explain this behavior but simply draws conclusions from the assumption that it occurs. To go further will require the invention of some sensible abstract basis for the parton model, hints for which may come from future experiments.
On surveying this report of what went on at our conference I think one can discern two main developments. In order to extract any useful information from experiment we need some sort of theoretical framework. At the present stage of development of elementary particle physics such a framework exists in bits and pieces only and has limited predictive power. In weak interactions we have had until now only the classic current-current (plus slightly-broken chiral symmetry for hadrons) picture, which is capable of making fairly specific predictions about low-energy processes. There now is a suggestion that something simple happens again at high energies as long as we sum over many processes to get total inelastic cross-sections. The two major tasks of weak interaction physicists therefore appear to be : A) Verify that our low-energy theoretical framework agrees in detail with the data, and B) Develop the hints about simple behavior at high energy into a more coherent theoretical framework, and, of course, do the necessary experiments.
Much effort is being expended on the first task, but it seems, from what we heard at this conference, to be far from complete. The second task has all the enjoyable features of exploring new terrain and clearly will engage the enthusiasm of more and more physicists and figure in a larger way in future Rencontres. We can even hope that it will lead us in the end to a deeper understanding of old-fashioned low-energy weakinteraction physics.
